Introduction
============

Tongue squamous cell carcinoma (TSCC) is the most prevalent human cancer occurring in the oral cavity and accounts for \~25-40% of oral cancer cases ([@b1-ijmm-46-01-0119],[@b2-ijmm-46-01-0119]). TSCC is known for its uncontrolled growth and high prevalence of metastasis, and usually causes malfunction of speech, mastication and deglutition ([@b3-ijmm-46-01-0119],[@b4-ijmm-46-01-0119]). At present, surgical resection plus chemotherapy, radiotherapy and/or targeted therapy are the primary therapeutic modalities for TSCC ([@b5-ijmm-46-01-0119]). Despite substantial efforts to develop effective anticancer therapies, the clinical outcomes of patients with TSCC remain unsatisfactory because of the characteristic high malignancy rate of TSCC ([@b6-ijmm-46-01-0119],[@b7-ijmm-46-01-0119]). Over the past few decades, there were no significant improvements in the 5-year survival rate of patients with TSCC, and the morbidity associated with TSCC has been increasing every year ([@b8-ijmm-46-01-0119]). Consequently, elucidation of the complicated pathogenesis of TSCC may aid in devising novel effective therapeutic approaches and improving the prognosis of patients with TSCC.

Lately, aberrant expression of non-coding RNAs, including long non-coding RNAs (lncRNAs) and microRNAs (miRNAs), have caused widespread concern among cancer researchers. LncRNAs are a recently discovered type of RNA molecule devoid of coding capacity and composed of over 200 nucleotides ([@b9-ijmm-46-01-0119]). They are implicated in the modulation of gene expression at the pre-transcriptional, transcriptional and post-transcriptional levels ([@b10-ijmm-46-01-0119]). A change in lncRNA expression has been identified in a variety of human cancer types, including gastric cancer ([@b11-ijmm-46-01-0119]), thyroid cancer ([@b12-ijmm-46-01-0119]), hepatocellular carcinoma ([@b13-ijmm-46-01-0119]) and TSCC ([@b14-ijmm-46-01-0119]). Regarding TSCC, recent studies have indicated that numerous lncRNAs are abnormally expressed in this type of tumor and act as either tumor-suppressors or oncogenic RNAs ([@b15-ijmm-46-01-0119],[@b16-ijmm-46-01-0119]). The abnormal expression of lncRNAs may contribute toward the malignancy of TSCC by affecting a number of malignant characteristics ([@b17-ijmm-46-01-0119]-[@b19-ijmm-46-01-0119]).

miRNAs are another type of non-coding RNAs and are \~17-24 nucleotides in length ([@b20-ijmm-46-01-0119]). miRNAs can directly interact with the 3′-untranslated region (3′-UTR) of their target mRNAs. This interaction results in translational suppression and/or mRNA degradation. miRNAs are capable of oncogenic or tumor-suppressive actions in TSCC by modulating the processes associated with TSCC initiation and progression, such as cell proliferation, cell cycle, apoptosis, angiogenesis and metastasis ([@b21-ijmm-46-01-0119]-[@b23-ijmm-46-01-0119]). Therefore, further investigation into the functions of specific lncRNAs and miRNAs in TSCC may highlight promising targets for treating TSCC.

Prostate cancer-associated non-coding RNA 1 (*PRNCR1*) serves crucial roles in the aggressive phenotype of colorectal cancer ([@b24-ijmm-46-01-0119]) and non-small cell lung cancer ([@b25-ijmm-46-01-0119]). However, there is little research on the expression profile, clinical value and details of the functions of *PRNCR1* in TSCC. The aims of the present study were to determine *PRNCR1* expression in TSCC and to investigate its role in TSCC progression. The molecular mechanisms underlying the oncogenic activities of *PRNCR1* in TSCC cells were also investigated.

Materials and methods
=====================

Clinical samples
----------------

The present study was conducted with the approval of the Ethics Committee of Shengli Oilfield Central Hospital and in accordance with the Declaration of Helsinki. All the participants provided written informed consent prior to enrolling in the study. TSCC tissue samples and corresponding adjacent normal tissue samples were collected from 57 patients with TSCC (34 male and 23 female patients; age range, 42-71 years; mean age, 56 years) between May 2013 and June 2014. These patients underwent surgical resection at Shengli Oilfield Central Hospital. None of the patients had received any anticancer therapies prior to the surgical intervention. All the resected tissues were immersed in liquid nitrogen and then stored at -80°C.

Cell lines
----------

Three human TSCC cell lines, SCC-9, CAL-27 and SCC-15, as well as normal gingival epithelial cells (ATCC^®^ PCS-200-014™) were purchased from the American Type Culture Collection (ATCC). Previous studies ([@b26-ijmm-46-01-0119],[@b27-ijmm-46-01-0119]) have used the normal gingival epithelial cells as a control for TSCC cell lines. Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin solution (all Invitrogen; Thermo Fisher Scientific, Inc.) was utilized for cell culture. All cells were maintained in a humidified incubator at 5% CO~2~ and 37°C.

Transfection procedures
-----------------------

An miR-944 agomir (agomir-944), negative control agomir (agomir-NC), miR-944 antagomir (antagomir-944) and antagomir-NC were acquired from Shanghai GenePharma Co., Ltd. The agomir-944 sequence was 5′-AAA UUA UUG UAC AUC GGA UGA G-3′, and the agomir-NC sequence was 5′-UUC UCC GAA CGU GUC ACG UTT-3′. The antagomir-944 sequence was 5′-UUU AAU AAC AUG UAG CCU ACU C-3′, and the antagomir-NC sequence was 5′-ACU ACU GAG UGA CAG UAG A-3′. A HOXB5-overexpressing plasmid was synthesized by the insertion of *HOXB5* cDNA into the pcDNA3.1 vector, thereby resulting in plasmid pcDNA3.1-HOXB5 (pc-HOXB5). The empty pcDNA3.1 vector obtained from IGEbio (Guangzhou, China) served as the control for pc-HOXB5. A *PRNCR1*-specific siRNA (si-PRNCR1) generated by Shanghai GenePharma Co., Ltd. was applied to silence endogenous *PRNCR1* expression, with NC siRNA (si-NC) as an internal control. The ROCK1 siRNA sequence was 5′-GCUCUU AAG GAA AUA A CU U-3′, and the NC siRNA sequence was 5′-GAA GCA GCACGA CUU CUU C-3′. Cells in the logarithmic growth phase were harvested and seeded into 6-well plates. The aforementioned agomir (50 nM), antagomir (100 nM), plasmids (4 *µ*g) and/or siRNAs (100 pmol) were transfected into cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Transfected cells were harvested after 24 h of cultivation, and used in Cell Counting Kit-8 (CCK-8) assays and the tumor xenograft experiment. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR), western blotting, flow cytometric analysis, and *in vitro* migration and invasion assays were conducted at 48 h post-transfection.

Cellular fractionation and RT-qPCR
----------------------------------

The PARIS kit (Ambion; Thermo Fisher Scientific, Inc.) was used for TSCC cell fractionation. TSCC cells were harvested and then incubated for 15 min with 1 ml of cell fractionation buffer at 4°C. Following 15 min centrifugation (500 × g), the cytoplasmic and nuclear fractions were prepared and subjected to RNA isolation using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). To quantify miR-944 expression, the present study employed the miScript Reverse Transcription kit (Qiagen GmbH) to reverse-transcribe RNA into cDNA. Subsequently, qPCR was conducted with the miScript SYBR Green PCR kit (Qiagen GmbH) using a LightCycler 480 system (Roche Diagnostics). The thermocycling conditions for qPCR were as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min, and 70°C for 30 sec. The U6 small nuclear RNA served as the control for miR-944 expression quantitation.

To measure *PRNCR1* and HOXB5 expression, reverse transcription was performed to generate cDNA from the total RNA using the PrimeScript RT Reagent kit (Takara Biotechnology Co., Ltd.), after which the SYBR Premix Ex Taq™ kit (Takara Biotechnology Co., Ltd.) was utilized for PCR. The thermo-cycling conditions for qPCR were as follows: 5 min at 95°C, followed by 40 cycles of 95°C for 30 sec and 65°C for 45 sec, and 50°C for 30 sec. The expression levels of *PRNCR1* and *HOXB5* were normalized to *GAPDH* expression. The 2^−ΔΔCq^ method was used to analyze relative gene expression ([@b28-ijmm-46-01-0119]).

The primers were as follows: PRNCR1 forward, 5′-GAA GAG CGT GTC TTG G-3′; and reverse, 5′-CCT GGC TTT CCT GGT TC-3′; HOXB5 forward, 5′-TCA GTG CAA AAT GTC TTC TG-3′; and reverse, 5′-TGA CCC AGA CTA TCC CCA TAT-3′; GAPDH forward, 5′-GCA CCG TCA AGG CTG AGA AC-3′; and reverse, 5′-TGG TGA AGA CGC CAG TGG A-3′. miR-944 forward, 5′-CGC GAG CAG GAA ATT ATT GTA-3′; and reverse, 5′-TAT GCT TGT TCT CGT CTC TGT GTC-3′; and U6 forward, 5′-CTC GCT TCG GCA GCA CA-3′; and reverse, 5′-AAC GCT TCA CGA ATT TGC GT-3′.

A CCK-8 assay
-------------

The CCK-8 assay was performed according to the manufacturer\'s protocol. Transfected SCC-9 and CAL-27 cells were harvested at 24 h post-transfection, a cell suspension was prepared, and the cells were seeded into 96-well plates at a density of 2,000 cells per well. Each group contained three parallel control wells. Cellular proliferation was monitored on 4 consecutive days by the addition of 10 *µ*l CCK-8 reagent (Dojindo Molecular Technologies, Inc.) into each well. Following incubation at 37°C and 5% CO~2~ for 2 h, optical density was measured at a wavelength of 450 nm on a microplate reader (Tecan Group Ltd.).

Flow cytometric analysis of apoptosis
-------------------------------------

After 48 h of cultivation, transfected cells were collected by trypsinization, after which the cells were extensively washed with ice-cold phosphate-buffered saline (PBS) and were centrifuged at 12,000 × g for 10 min at 4°C. After decanting the supernatant, the proportion of apoptotic cells was determined using the Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis Detection kit (BioLegend, Inc.). The transfected cells were resuspended in 100 *µ*l 1 × binding buffer, and the cell suspension was then mixed with annexin V-FITC (5 *µ*l) and a propidium iodide solution (10 *µ*l). After 15 min of incubation at room temperature in the dark, the cells were analyzed using a flow cytometer (BD Biosciences).

In vitro migration and invasion assays
--------------------------------------

For *in vitro* migration assays, the transfected cells (6×10^4^) that had undergone 2 days of incubation were detached using 0.25% trypsin, washed with PBS, resuspended in serum-free DMEM, and inoculated into the upper compartment of Transwell chambers (BD Biosciences). DMEM supplemented with 10% of FBS (Invitrogen; Thermo Fisher Scientific, Inc.) as a chemoattractant was added into the lower compartments. After 24 h incubation, the cells remaining on the upper side of the membranes were gently removed with a cotton swab. The migratory cells (those on the bottom side of the membranes) were fixed with 95% ethanol at room temperature for 30 min and stained with 0.5% crystal violet at room temperature for 20 min, followed by washing with PBS. The experimental steps of the *in vitro* invasion assay were the same as those of the migration assay except that the Transwell chambers were precoated with Matrigel (BD Biosciences). The assessment of the migratory and invasive abilities was conducted by respectively counting the migratory and invading cells under an inverted microscope (magnification, ×200; Olympus Corporation).

A tumor xenograft experiment
----------------------------

All animal experiments were approved by the Experimental Animal Ethics Committee of the Shengli Oilfield Central Hospital, and all the experimental steps conformed to the Animal Protection Law of the People\'s Republic of China, 2009. SCC-9 cells transfected with either si-PRNCR1 or si-NC were subcutaneously injected into the flank of 4-6-week-old male nude mice (20 g; Beijing HFK Bioscience). A total of 6 mice were used in the present study, and each group contained three nude mice. All mice were maintained under specific pathogen-free conditions at 25°C with 50% humidity, with a 10/14-h light/dark cycle and *ad libitum* food/water access. The size of the resultant tumor xenografts was measured every 3 days, and their volume was calculated via the following formula: 0.5 × length × (width)^2^. All mice (24 g) were euthanized 1 month after the cell injection by means of cervical dislocation. All mice presented with only one tumor, and the maximum diameter of tumor xenografts was 1.5 cm. The tumor xenografts were excised from the mice and were weighed and stored in liquid nitrogen (-196°C) for further experiments.

Bioinformatic analysis
----------------------

The putative miRNAs that can interact with *PRNCR1* were predicted using starBase version 3.0 (<http://starbase.sysu.edu.cn/>) ([@b29-ijmm-46-01-0119]). Bioinformatic databases starBase version 3.0, TargetScan (release 7.2: March 2018; <http://www.targetscan.org/>) ([@b30-ijmm-46-01-0119]) and miRDB (<http://mirdb.org/>) ([@b31-ijmm-46-01-0119]) were used to predict the potential targets of miR-944.

A luciferase reporter assay
---------------------------

Wild-type (wt) and mutant (mut) fragments of *PRNCR1* 3′-UTR harboring the predicted miR-944-binding sequence were designed and synthesized by Sangon Biotech Co., Ltd. The fragments were inserted separately into the pmirGLO luciferase reporter vector (Promega Corporation), thereby resulting in luciferase reporter plasmids designated as \'wt-*PRNCR1*\' and \'mut-*PRNCR1*.\' The same experimental steps were performed to construct luciferase reporter plasmids wt-*HOXB5* and mut-*HOXB5*.

TSCC cells in the logarithmic-growth phase were seeded in 24-well plates. Co-transfection of either a wt or mut reporter plasmid and either agomir-944 or agomir-NC was performed by means of Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Luciferase activities were measured with a Dual-Luciferase Reporter assay system (Promega Corporation) at 48 h post-transfection. *Renilla* luciferase activity was used for the normalization of firefly luciferase activity.

An RNA immunoprecipitation (RIP) assay
--------------------------------------

The interaction between *PRNCR1* and miR-944 in TSCC cells was examined using the Magna RIP RNA-Binding Protein Immunoprecipitation kit (EMD Millipore). A human anti-AGO2 antibody (dilution, 1:5,000; EMD Millipore) or IgG control (dilution, 1:5,000; both from cat. no. 03-110; EMD Millipore) was conjugated to magnetic beads, which were then incubated with a TSCC cell extract at 4°C overnight. The immunoprecipitated RNA was extracted and subjected to RT-qPCR analysis as aforementioned.

Western blotting
----------------

Extraction of total protein from trans-fected cells was conducted using radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology). After total-protein quantification via the BCA Protein assay kit (Beyotime Institute of Biotechnology), equal protein amounts (20 *µ*g/lane) were separated by SDS-PAGE in a 10% gel and transferred onto polyvinylidene difluoride membranes. After 2 h blockage at room temperature with 5% skimmed milk, the membranes were incubated with primary antibodies against HOXB5 (cat. no. ab109375; dilution, 1:1,000) or GAPDH (cat. no. ab204481; dilution, 1:1,000; all Abcam) overnight at 4°C, followed by extensive washing with Tris-buffered saline containing 0.1% of Tween 20 (TBST) and incubation with a horseradish peroxidase-conjugated secondary antibody (ab6721; dilution, 1:5,000 in TBST; Abcam) at room temperature for 2 h. Finally, the ECL Prime Western Blotting Detection Reagent (GE Healthcare) was employed to detect the protein signals.

Statistical analysis
--------------------

All data are presented as the mean ± standard error. The association between the clinical parameters and tumor *PRNCR1* expression among the patients with TSCC was assessed by the χ^2^ test. Spearman\'s correlation analysis was performed to evaluate the correlation between *PRNCR1* and miR-944 expression levels in the TSCC tissue samples. Student\'s t-test was conducted for assessing the differences between two groups. One-way analysis of variance followed by Tukey\'s multiple-comparison test was performed for comparisons among multiple groups. All statistical analysis was carried out using SPSS v19.0 software (IBM Corp.). P\<0.05 was used to indicate a statistically significant difference.

Results
=======

PRNCR1 is upregulated in TSCC
-----------------------------

In the present study, 57 pairs of TSCC tissue samples and corresponding adjacent normal tissues were collected, and the expression of *PRNCR1* was measured. The results of RT-qPCR analysis indicated that *PRNCR1* expression was higher in the TSCC tissue samples than in the adjacent normal tissues ([Fig. 1A](#f1-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). Next, RT-qPCR was performed to determine *PRNCR1* expression in three human TSCC cell lines (SCC-9, CAL-27 and SCC-15). The expression of *PRNCR1* was higher in all three examined TSCC cell lines than in normal gingival epithelial cells ([Fig. 1B](#f1-ijmm-46-01-0119){ref-type="fig"}; P\<0.05).

Having verified the aberrant upregulation of *PRNCR1* in TSCC, the clinical value of *PRNCR1* in TSCC was subsequently investigated. For this, according to the median value of *PRNCR1* expression among the TSCC tissue samples, all the patients with TSCC were classified into either the *PRNCR1* high-expression group or *PRNCR1* low-expression group. The association between *PRNCR1* expression and clinical parameters was analyzed, and the results revealed that high *PRNCR1* expression was associated with tumor size (P=0.017), clinical stage (P=0.014) and lymph node metastasis (P=0.028) among patients with TSCC ([Table I](#tI-ijmm-46-01-0119){ref-type="table"}). In addition, the patients with TSCC in the *PRNCR1* high-expression group exhibited shorter overall survival times than did the patients in the *PRNCR1* low-expression group ([Fig. 1C](#f1-ijmm-46-01-0119){ref-type="fig"}; P=0.0326). These observations suggested that the expression of *PRNCR1* may serve a substantial role in the malignancy of TSCC.

The PRNCR1-knockdown inhibits TSCC cell proliferation, migration and invasion, and promotes apoptosis in vitro
--------------------------------------------------------------------------------------------------------------

To investigate the detailed functions of *PRNCR1* in TSCC, the expression of *PRNCR1* was silenced in SCC-9 and CAL-27 cell lines using si-PRNCR1. RT-qPCR analysis validated the successful knockdown of *PRNCR1* in SCC-9 and CAL-27 cells ([Fig. 2A](#f2-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). The CCK-8 assay revealed that the knockdown of *PRNCR1* suppressed the proliferative ability of SCC-9 and CAL-27 cells ([Fig. 2B](#f2-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). The proportion of apoptotic cells markedly increased among the SCC-9 and CAL-27 cells that were transfected with si-PRNCR1 ([Fig. 2C](#f2-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), as revealed by flow cytometry. In addition, *in vitro* migration and invasion assays were performed to investigate the effects of the *PRNCR1*-knockdown on the migration and invasiveness of TSCC cells. It is noteworthy that the migration ([Fig. 2D](#f2-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and invasiveness ([Fig. 2E](#f2-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) of the *PRNCR1*-deficient SCC-9 and CAL-27 cells were significantly weaker than those of the cells transfected with si-NC, suggesting that the *PRNCR1*-knockdown impaired the migratory and invasive abilities of TSCC cells. In conclusion, these results suggested that *PRNCR1* is an oncogenic lncRNA in TSCC.

PRNCR1 competitively sponges miR-944 in TSCC cells
--------------------------------------------------

There is growing evidence that lncRNAs are key modulators of miRNA functions ([@b32-ijmm-46-01-0119]-[@b34-ijmm-46-01-0119]). Therefore, the present study took advantage of the competitive endogenous RNA (ceRNA) model to elucidate the mechanism underlying the oncogenic functions of *PRNCR1* in TSCC tumorigenesis. To begin with, the expression distribution of *PRNCR1* in SCC-9 and CAL-27 cells was characterized, and it was revealed that most of *PRNCR1* was located in the cytoplasm of SCC-9 and CAL-27 cells ([Fig. 3A](#f3-ijmm-46-01-0119){ref-type="fig"}). Subsequently, during the bioinformatic analysis, the putative miRNAs that are capable of complementary base paring with *PRNCR1* were searched for. miR-944 ([Fig. 3B](#f3-ijmm-46-01-0119){ref-type="fig"}), an miRNA involved in multiple human cancer types ([@b35-ijmm-46-01-0119]-[@b40-ijmm-46-01-0119]), was revealed to have a high probability of binding to *PRNCR1*. The luciferase reporter assay was conducted to confirm the direct binding between *PRNCR1* and miR-944 in TSCC cells. The results demonstrated that the transfection of agomir-944 notably upregulated miR-944 in SCC-9 and CAL-27 cells ([Fig. 3C](#f3-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), and this upregulation of miR-944 markedly reduced the luciferase activity of plasmid wt-PRNCR1 (P\<0.05). By contrast, the luciferase activity generated by plasmid mut-PRNCR1 was unaffected in SCC-9 and CAL-27 cells following co-transfection with agomir-944 ([Fig. 3D](#f3-ijmm-46-01-0119){ref-type="fig"}). Furthermore, the RIP assay revealed that miR-944 and *PRNCR1* were greatly enriched in the AGO2 immunoprecipitation complex ([Fig. 3E](#f3-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), implying that *PRNCR1* can directly interact with miR-944 in TSCC cells.

Meanwhile, as presented in [Fig. 3F](#f3-ijmm-46-01-0119){ref-type="fig"}, the expression of miR-944 was low in TSCC tissue samples and manifested an inverse correlation with *PRNCR1* levels ([Fig. 3G](#f3-ijmm-46-01-0119){ref-type="fig"}; r=-0.5085, P\<0.0001). Finally, RT-qPCR was performed to determine whether miR-944 can be sponged by *PRNCR1* in TSCC cells. The data demonstrated that the *PRNCR1*-knockdown significantly increased miR-944 expression in SCC-9 and CAL-27 cells ([Fig. 3H](#f3-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). Taken together, these results suggested that *PRNCR1* acted as a ceRNA on miR-944 in TSCC cells.

miR-944 directly targets HOXB5 mRNA in TSCC cells
-------------------------------------------------

Three publicly available bioinformatic databases were used to search for a potential target of miR-944. The analysis uncovered *HOXB5* as a potential target gene of miR-944 ([Fig. 4A](#f4-ijmm-46-01-0119){ref-type="fig"}). *HOXB5* is involved in the tumorigenesis and tumor progression of various human cancer types ([@b41-ijmm-46-01-0119]-[@b43-ijmm-46-01-0119]); therefore, this gene was selected for validation. The luciferase reporter assay was performed to corroborate the prediction. The results revealed that forced miR-944-over-expression decreased the luciferase activity generated by plasmid wt-HOXB5 in SCC-9 and CAL-27 cells (P\<0.05), whereas a mutation in the predicted binding sequence within the 3′-UTR of *HOXB5* mRNA prevented the inhibitory influence of miR-944 upregulation on the luciferase activity ([Fig. 4B](#f4-ijmm-46-01-0119){ref-type="fig"}). Transfection with agomir-944 caused a significant decrease in *HOXB5* mRNA ([Fig. 4C](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and protein amounts ([Fig. 4D](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) in SCC-9 and CAL-27 cells, as evidenced by RT-qPCR and western blotting. Additionally, the expression of HOXB5 was measured in the 57 pairs of TSCC tissue samples and corresponding adjacent normal tissues via RT-qPCR. *HOXB5* mRNA was revealed to be upregulated in the TSCC tissue samples, compared with the adjacent normal tissues ([Fig. 4E](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). Furthermore, a reverse correlation between the expression levels of HOXB5 and miR-944 was confirmed by Spearman\'s correlation analysis ([Fig. 4F](#f4-ijmm-46-01-0119){ref-type="fig"}; r=-0.5983; P\<0.0001).

Rescue experiments were then conducted to determine whether the targeting of *HOXB5* mRNA by miR-944 is responsible for the functions of miR-944 in TSCC cells. Either HOXB5-overexpressing plasmid pc-HOXB5 or the empty pcDNA3.1 vector as well as agomir-944 were introduced into SCC-9 and CAL-27 cells. Western blotting indicated that transfection with pc-HOXB5 notably increased the protein expression of HOXB5 in SCC-9 and CAL-27 cells ([Fig. 4G](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). Additionally, a series of experiments suggested that the ectopic miR-944 expression attenuated SCC-9 and CAL-27 cell proliferation ([Fig. 4H](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), promoted their apoptosis ([Fig. 4I](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), and hindered SCC-9 and CAL-27 cell migration ([Fig. 4J](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and invasion ([Fig. 4K](#f4-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). The recovery of HOXB5 expression partially reversed the effects of miR-944 overexpression on the proliferation, apoptosis, migration and invasiveness of SCC-9 and CAL-27 cells. These data indicated that miR-944 inhibits the aggressive phenotype of TSCC cells *in vitro*, and this influence is mediated by the targeting of *HOXB5* mRNA by miR-944 and the resultant downregulation of HOXB5.

PRNCR1 serves an oncogenic role in the aggressive behavior of TSCC cells in vitro by upregulating the miR-944-HOXB5 axis output
-------------------------------------------------------------------------------------------------------------------------------

The results of the present study demonstrated that miR-944 can be sponged by *PRNCR1* in TSCC cells, and that *HOXB5* mRNA is a direct target of miR-944. An lncRNA can act as a ceRNA that sponges specific miRNAs to reduce the repression of the target genes of these miRNAs; accordingly, the present study subsequently tested whether *PRNCR1* can promote HOXB5 expression in TSCC cells through the sponging of miR-944. Therefore, western blot analysis was conducted to measure HOXB5 protein expression in *PRNCR1*-deficient SCC-9 and CAL-27 cells. The knockdown of *PRNCR1* significantly decreased the amount of the HOXB5 protein in SCC-9 and CAL-27 cells ([Fig. 5A](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). Subsequently, si-PRNCR1 (which inactivates *PRNCR1*), along with either antagomir-944 (which inactivates miR-944) or antagomir-NC, was introduced into SCC-9 and CAL-27 cells, and HOXB5 protein and miR-944 levels were determined. The efficiency of antagomir-944 transfection in SCC-9 and CAL-27 cells was verified by RT-qPCR ([Fig. 5B](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05). The *PRNCR1*-knockdown caused notable upregulation of miR-944 ([Fig. 5C](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and downregulation of the HOXB5 protein ([Fig. 5D](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) in SCC-9 and CAL-27 cells. By contrast, these regulatory effects were attenuated by antagomir-944 co-transfection, suggesting that the effects of the *PRNCR1*-knockdown are due to an increase in miR-944 expression, and conversely, that *PRNCR1* exerts its action by sponging miR-944. Functional experiments indicated that *PRNCR1*-knockdown-induced inhibition of TSCC cell proliferation ([Fig. 5E](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), promotion of apop-tosis ([Fig. 5F](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), and repression of TSCC cell migration ([Fig. 5G](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and invasion ([Fig. 5H](#f5-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) were greatly attenuated by antagomir-944 transfection. Overall, these findings suggested that *PRNCR1* exerts its oncogenic influence on the malignant properties of TSCC cells by sponging miR-944 and thereby increasing HOXB5 expression.

The PRNCR1-knockdown attenuates the tumor growth of TSCC cells in vivo
----------------------------------------------------------------------

The tumor xenograft experiment aided in further confirming the growth-promoting effects of *PRNCR1* on TSCC cells *in vivo*. SCC-9 cells transfected with either si-PRNCR1 or si-NC were implanted subcutaneously into nude mice. The volume ([Fig. 6A and B](#f6-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and weight ([Fig. 6C](#f6-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) of the tumor xenografts from the mice in the si-PRNCR1 group were notably smaller than those in the si-NC group. The maximum size of a tumor xenografts was 1.5 cm. Subsequently, total RNA and protein were extracted from the tumor xenografts and were subjected to RT-qPCR and western blotting analyses. Downregulated *PRNCR1* ([Fig. 6D](#f6-ijmm-46-01-0119){ref-type="fig"}; P\<0.05), upregulated miR-944 ([Fig. 6E](#f6-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) and decreased HOXB5 protein expression ([Fig. 6F](#f6-ijmm-46-01-0119){ref-type="fig"}; P\<0.05) were noted in the tumor xenografts derived from si-PRNCR1-trans-fected SCC-9 cells. These observations meant that the *PRNCR1*=knockdown decreased the tumor growth of TSCC cells *in vivo* via the miR-944-HOXB5 regulatory axis.

Discussion
==========

Recently, the importance of lncRNAs for TSCC has attracted increasing attention ([@b19-ijmm-46-01-0119],[@b44-ijmm-46-01-0119],[@b45-ijmm-46-01-0119]). A variety of lncRNAs are aberrantly expressed in TSCC, and their abnormal expression serves a role in the initiation and progression of TSCC as it affects numerous malignant characteristics ([@b46-ijmm-46-01-0119]-[@b48-ijmm-46-01-0119]). Therefore, further studies on cancer-associated lncRNAs in TSCC may offer novel targets for confirmatory diagnosis and treatment of TSCC. The present study measured the expression of *PRNCR1* in TSCC and analyzed its clinical significance in patients with TSCC. Subsequently, a series of experiments were conducted to determine the detailed involvement of *PRNCR1* in the malignant characteristics of TSCC cells. Furthermore, the molecular mechanisms that mediate the oncogenic activities of *PRNCR1* in TSCC cells *in vitro* and *in vivo* were investigated.

*PRNCR1* is upregulated in colorectal cancer ([@b24-ijmm-46-01-0119]) and non-small cell lung cancer ([@b25-ijmm-46-01-0119]). The upregulation of *PRNCR1* is associated with a larger tumor volume in colorectal cancer ([@b24-ijmm-46-01-0119]). In addition, *PRNCR1* has been confirmed as a diagnostic biomarker of colorectal cancer ([@b24-ijmm-46-01-0119]). Regarding the function in colorectal cancer, *PRNCR1*-knockdown inhibits cancer cell proliferation, promotes cancer cell cycle arrest at the G0-G1 transition, and reduces the proportion of the cancer cells in the S phase ([@b24-ijmm-46-01-0119]). In non-small cell lung cancer, *PRNCR1* contributes toward cancer progression by participating in the regulation of cell proliferation, metastasis and epithelial-mesenchymal transition ([@b25-ijmm-46-01-0119]). Nonetheless, there is little research regarding the expression profile, clinical value and details of the functions of *PRNCR1* in TSCC. The results of the present study demonstrate that *PRNCR1* is overexpressed in TSCC, and that this overexpression is correlated with tumor size, clinical stage and lymph node metastasis. Patients with TSCC in the *PRNCR1* high-expression group exhibited shorter overall survival times than did the patients in the *PRNCR1* low-expression group. Additionally, the knockdown of *PRNCR1* suppressed TSCC cell proliferation, migration and invasion *in vitro*; induced apoptosis; and decreased tumor growth *in vivo*.

Understanding the mechanisms underlying the onco-genic activities of *PRNCR1* in TSCC can elucidate TSCC pathogenesis and may aid in developing novel diagnostic and therapeutic methods for this type of cancer. Accumulated evidence has indicated that lncRNAs are capable of modulating gene expression through sponging of miRNAs; the mechanism is known as the ceRNA model ([@b49-ijmm-46-01-0119]-[@b51-ijmm-46-01-0119]). In the present study, miR-944 was predicted to have a high probability of binding to *PRNCR1*. Accordingly, in the luciferase reporter assay and RIP assay, it was suggested that *PRNCR1* can directly interact with miR-944 in TSCC cells. In addition, miR-944 was found to be downregulated in TSCC tissue samples, while *PRNCR1* expression was negatively correlated with miR-944 expression. The increase in miR-944 expression and the decrease in HOXB5 protein amounts following knockdown of *PRNCR1* in TSCC cells were reversed by the miR-944-knockdown. Furthermore, rescue experiments revealed that the knockdown of miR-944 attenuated the effects of *PRNCR1*-knockdown in TSCC cells. These results provided sufficient evidence that *PRNCR1* functions as a ceRNA of miR-944 in TSCC cells and increases HOXB5 expression by competing for miR-944.

miR-944 is dysregulated and performs different functions in various types of human cancer. For example, miR-944 is under-expressed in colorectal ([@b35-ijmm-46-01-0119]), gastric ([@b36-ijmm-46-01-0119]) and non-small cell lung ([@b37-ijmm-46-01-0119]) cancers and inhibits cancer progression. By contrast, miR-944 is upregulated in endometrial ([@b38-ijmm-46-01-0119]), cervical ([@b39-ijmm-46-01-0119]) and breast ([@b40-ijmm-46-01-0119]) cancers, and enhances the malignancy of these cancer types. The results of the present study suggested that miR-944 functions as a tumor suppressor in TSCC cells. *HOXB5* was also validated as a direct target gene of miR-944 in TSCC cells and demonstrated that the tumor-suppressive actions of miR-944 are mediated by HOXB5 downregulation. The present study revealed that *PRNCR1* sponges miR-944 and thereby increases HOXB5 expression in TSCC cells. In conclusion, the newly identified *PRNCR1*-miR-944-HOXB5 regulatory network enhanced the aggressive phenotype of TSCC cells *in vitro* and *in vivo*.

One limitation to the present study was that, while the oncogenic effects of PRNCR1/miR-944/HOXB5 in TSCC were investigated, the knockdown effects of HOXB5 in TSCC cells *in vitro* and *in vivo* were not examined. We will aim to resolve this limitation in future studies.

In conclusion, *PRNCR1* is overexpressed in TSCC tissues and cell lines, and this upregulation is strongly associated with adverse changes in clinical parameters and poor prognosis among patients with TSCC. *PRNCR1* increases the amount of HOXB5 required to execute its oncogenic actions in TSCC *in vitro* and *in vivo* through the sponging of miR-944. These findings may offer a novel perspective on effective therapeutic strategies against TSCC.
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![*PRNCR1* is upregulated in TSCC tumors and cell lines. (A) Total RNA was isolated from TSCC tissue samples and corresponding adjacent normal tissues collected from 57 patients and was then used for the measurement of *PRNCR1* expression in RT-qPCR analysis. ^\*^P\<0.05 vs. adjacent normal tissues. (B) *PRNCR1* expression in three human TSCC cell lines (SCC-9, CAL-27 and SCC-15) and in normal gingival epithelial cells was assessed via RT-qPCR. ^\*^P\<0.05 vs. normal gingival epithelial cells. (C) The association between *PRNCR1* expression and overall survival among the patients with TSCC was analyzed with the Kaplan-Meier method and log-rank test. P=0.0326. TSCC, tongue squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.](IJMM-46-01-0119-g00){#f1-ijmm-46-01-0119}

![The *PRNCR1*-knockdown exerts a tumor-suppressive effect on TSCC cells. (A) Si-PRNCR1 was utilized to silence endogenous *PRNCR1* expression in SCC-9 and CAL-27 cells. The efficiency of si-PRNCR1 transfection was assessed by reverse transcription-quantitative chain reaction. ^\*^P\<0.05 vs. the si-NC group. (B and C) SCC-9 and CAL-27 cells were transfected with either si-PRNCR1 or si-NC. The cell counting kit-8 assay and flow-cytometric analysis were performed to evaluate cell proliferation and apoptosis, respectively. ^\*^P\<0.05 vs. the si-NC group. (D and E) The migratory and invasive status of *PRNCR1*-deficient SCC-9 and CAL-27 cells was determined by *in vitro* migration and invasion assays. ^\*^P\<0.05 vs. the si-NC group. TSCC, tongue squamous cell carcinoma; si, small interfering RNA; NC, negative control.](IJMM-46-01-0119-g01){#f2-ijmm-46-01-0119}

![*PRNCR1* competitively sponges miR-944 in TSCC cells. (A) The localization of PRNCR1 within SCC-9 and CAL-27 cells was characterized by cellular fractionation, followed by RT-qPCR. (B) The predicted binding sequence for miR-944 in *PRNCR1*. (C) Either agomir-944 or agomir-NC was transfected into SCC-9 and CAL-27 cells. After 48 h cultivation, RT-qPCR was performed to determine miR-944 expression. ^\*^P\<0.05 vs. group \'agomir-NC.\' (D) The luciferase reporter assay was conducted to verify the interaction between miR-944 and *PRNCR1* in TSCC cells. SCC-9 and CAL-27 cells were co-transfected with either wt-PRNCR1 or mut-PRNCR1 and either agomir-944 or agomir-NC, and luciferase activities were measured at 48 h post-transfection. ^\*^P\<0.05 vs. group agomir-NC. (E) The RIP assay was performed to assess the enrichment of miR-944 and *PRNCR1* in the AGO2 immunoprecipitation complex. ^\*^P\<0.05, compared with the IgG group. (F) RT-qPCR analysis revealed the expression status of miR-944 in 57 pairs of TSCC tissue samples and corresponding adjacent normal tissues. ^\*^P\<0.05 vs. adjacent normal tissues. (G) Spearman\'s correlation analysis revealed an inverse correlation between miR-944 and PRNCR1 expression levels among the 57 TSCC tissue samples; r=-0.5085. (H) RT-qPCR revealed miR-944 expression in *PRNCR1*-deficient SCC-9 and CAL-27 cells. ^\*^P\<0.05 vs. the si-NC group. miR, microRNA; TSCC, tongue squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control.](IJMM-46-01-0119-g02){#f3-ijmm-46-01-0119}

###### 

miR-944 directly targets *HOXB5* mRNA to exert tumor-suppressive actions in TSCC cells. (A) Bioinformatic databases aided in identifying the complementary binding site for miR-944 in the 3′-UTR of *HOXB5* mRNA. (B) The direct binding of miR-944 to HOXB5 in TSCC cells was assessed in the luciferase reporter assay. This assay was conducted to detect the influence of miR-944 upregulation on the luciferase activity of plasmid wt-HOXB5 or mut-HOXB5 in SCC-9 and CAL-27 cells. ^\*^P\<0.05 vs. the agomir-NC group. (C and D) The expression of HOXB5 mRNA and protein in SCC-9 and CAL-27 cells following agomir-944 or agomir-NC transfection was respectively measured by RT-qPCR and western blotting. ^\*^P\<0.05, compared with the agomir-NC group. (E) The expression of *HOXB5* mRNA in the 57 pairs of TSCC tissue samples and corresponding adjacent normal tissues was verified using RT-qPCR. ^\*^P\<0.05 vs. adjacent normal tissues. (F) The correlation between miR-944 and HOXB5 expression levels in the 57 TSCC tissue samples was evaluated by Spearman\'s correlation analysis; r=-0.5983, P\<0.0001. (G) The expression of the HOXB5 protein in pc-HOXB5 or pcDNA3.1-transfected SCC-9 and CAL-27 cells was analyzed using western blotting. ^\*^P\<0.05 vs. the empty pcDNA3.1 vector group. (H and I) Agomir-944 and either plasmid pc-HOXB5 or the empty pcDNA3.1 vector were co-transfected into SCC-9 and CAL-27 cells. The proliferation and apoptosis were assessed via the Cell Counting Kit-8 assay and flow cytometry, respectively. ^\*^P\<0.05 vs. group agomir-NC, ^\#^P\<0.05 vs. group agomir-944+pcDNA3.1. (J and K) *In vitro* migration and invasion assays were performed to evaluate the migratory and invasive abilities of SCC-9 and CAL-27 cells that were treated as described earlier. ^\*^P\<0.05 vs. the agomir-NC group, ^\#^P\<0.05 vs. group agomir-944+pcDNA3.1. miR, microRNA; TSCC, tongue squamous cell carcinoma; 3′-UTR, 3′-untranslated region; NC, negative control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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###### 

The miR-944-HOXB5 axis mediates the oncogenic activities of *PRNCR1* in TSCC cells. (A) Western blot analysis of HOXB5 protein levels in si-PRNCR1-transfected or si-NC-transfected SCC-9 and CAL-27 cells. ^\*^P\<0.05 vs. the si-NC group. (B) Reverse transcription-quantitative polymerase chain reaction analysis of the efficiency of the miR-944-knockdown by antagomir-944 in SCC-9 and CAL-27 cells. ^\*^P\<0.05 vs. the antagomir-944 group. (C and D) Expression levels of the HOXB5 protein and miR-944 in SCC-9 and CAL-27 cells following co-transfection with si-PRNCR1 and either antagomir-944 or antagomir-NC. ^\*^P\<0.05 vs. the si-NC group, ^\#^P\<0.05 vs. group si-PRNCR1+antagomir-NC. (E-H) Si-PRNCR1, along with either antagomir-944 or antagomir-NC was introduced into SCC-9 and CAL-27 cells. The proliferation, apoptosis, migration and invasiveness of the indicated cells were respectively examined by the Cell Counting Kit-8 assay, flow cytometry, and *in vitro* migration and invasion assays. ^\*^P\<0.05, compared with the si-NC group, ^\#^P\<0.05 vs. group si-PRNCR1+antagomir-NC. miR, microRNA; TSCC, tongue squamous cell carcinoma; siRNA, small interfering RNA; NC, negative control.
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![The *PRNCR1*-knockdown suppresses the tumor growth of TSCC cells *in vivo*. (A) Tumor volume was measured every 3 days, and the growth curve was plotted accordingly. ^\*^P\<0.05 vs. group si-NC. (B) Representative images of the tumor xenografts from groups \'si-PRNCR1\' (n=3) and \'si-NC\' (n=3). (C) The average weight of tumor xenografts was determined at the end of the tumor xenograft experiment. ^\*^P\<0.05 vs. group si-NC. (D and E) Reverse transcription-quantitative polymerase chain reaction analysis of *PRNCR1* and miR-944 expression in the tumor xenografts from both groups. ^\*^P\<0.05 vs. group si-NC. (F) HOXB5 protein expression was assessed by western blotting in the tumor xenografts derived from si-PRNCR1-transfected or si-NC-transfected SCC-9 cells. ^\*^P\<0.05, compared with group si-NC. TSCC, tongue squamous cell carcinoma; NC, negative control; siRNA, small interfering RNA; miR, microRNA.](IJMM-46-01-0119-g07){#f6-ijmm-46-01-0119}

###### 

Association between clinical parameters and the expression of long non-coding RNA *PRNCR1* in the tumors of patients with tongue squamous cell carcinoma.

  Clinical parameters     *PRNCR1* expression   P-value     
  ----------------------- --------------------- ----------- -------
  Age, years                                                0.792
   \<50                   12 (48.0)             13 (52.0)   
   ≥50                    17 (53.1)             15 (46.9)   
  Sex                                                       0.283
   Male                   15 (44.1)             19 (55.9)   
   Female                 14 (60.9)             9 (39.1)    
  Tumor size, cm                                            0.017
   \<2                    11 (35.5)             20 (64.5)   
   ≥2                     18 (69.2)             8 (30.8)    
  Clinical stage                                            0.014
   I-II                   13 (37.1)             22 (62.9)   
   III-IV                 16 (72.7)             6 (27.3)    
  Lymph node metastasis                                     0.028
   Absence                14 (38.9)             22 (61.1)   
   Presence               15 (71.4)             6 (28.6)    

[^1]: Contributed equally
